The genetic diversity and genetic structure of five natural populations of the island and coastal endangered plant Elaeagnus macrophylla were analyzed by conserved DNAderived polymorphism (CDDP) molecular markers. A total of 289 discernible loci were obtained from 102 individuals using fifteen primers, and 100% of the loci were polymorphic. The observed number of alleles (Na) was 1.9654, the effective number of alleles (Ne) was 1.2604, the average of Nei's genetic diversity index (H) was 0.1724, and Shannon's information index was 0.2869, indicating that E. macrophylla had levels of genetic diversity lower than those reported for continental relatives and other coastal species. The average percentage of polymorphic loci (PPL) was 42.1%, and the maximum and minimum PPL values were 80.97% and 14.88%, belonging to the Nanji Island (NJD) and Liugong Island (LGD) populations, respectively. Populations of E. macrophylla were highly differentiated (Gst=0.3263). The unweighted pair group method with arithmetic mean (UPGMA) clustering results revealed 5 groups: one group comprising the Liugong Island (LGD) and Da Rushan (DRS) populations, one comprising the Lingshan Island (LSD), Laoshan (LS) and Daguan Island (DGD) populations, one comprising the Putuo Island (PTD), and two groups representing the Nanji Island (NJD) samples, which were differentiated into a northwestern group and a southeastern group. There was no cross-clustering among the samples, and the similarity of the relatives was strictly related to geographical location. R software analysis showed no correlation between genetic distance and geographic distance between populations (r = 0.256579, p = 0.8309).
70 genes mostly were transcription factor such as WRKY，MYB，MADs and so on. Because the strong 71 conservation of some sequences of plant DNA, CDDP molecular marker technology can be used 72 across different species. Studies of rice (Oryza sativa) have shown that CDDP molecular markers 73 have many advantages, including convenience, low cost, and rich polymorphism, which can 74 effectively produce markers related to the target traits (Collard & Mackill, 2009 ). Compared with 75 traditional DNA molecular methods, CDDP is more practical because the primers used in CDDP 76 are specific for conserved DNA sequences of genes. By amplifying these conserved sequences, 77 which tend to be linked with phenotypic traits, CDDP can provide advantages in plant genetic 78 diversity assessment (Andersen & Lübberstedt, 2003) . Since Poczai first successfully used 79 CDDP molecular markers and in-targeting markers to investigate the genetic diversity and group 80 structure of Solanum dulcamara (Poczai et al., 2011) , CDDP molecular markers have proven 81 useful in the analysis of several other plant species, such as Chrysanthemum (Li et al., 2014) , 82 Paeonia suffruticosa (Li et al., 2013) , Vaccinium vitis-idaea (Fang et al., 2016) , and Rosa rugosa 83 (Jiang et al., 2018) . However, CDDP markers have not yet been used to study E. macrophylla.
84
In this study, the conserved DNA-derived polymorphism (CDDP) molecular markers were 85 used to analyze the genetic diversity of and genetic relationships among major natural 86 populations of E. macrophylla in China in order to reveal the level of genetic diversity and 87 degree of genetic differentiation, analyze the relationships between populations and the influence 88 of geographical isolation and human factors on the genetic structure, and provide a scientific 89 basis for the protection and rational utilization of E. macrophylla. Table 1 ) from April to July 2018, sampling was conducted in the natural distribution area of 97 E. macrophylla. Interval sampling was applied except for small populations (such as the Liugong 98 Island population, whereas samples from all individual plants found were collected). Only one 99 individual was found on each of Lingshan Island (LSD) and Putuo Island (PTD). After 100 collection, silica gel was used to quickly dry the specimens, after which they were stored at -101 20°C. 105 Total DNA was extracted from E. macrophylla by the modified cetyl trimethyl ammonium 106 bromide (CTAB) method (Doyle et al., 1987) . The quality and purity of DNA were determined 107 by 2% agarose gel electrophoresis (Fig. 2) . All DNA samples were stored at -20℃ for later use.
The DNA from one sample per population was selected to screen 21 CDDP primers (Collard 109 & Mackill, 2009 ) (synthesized by Sangon Biotech, China). According to the results, 15 primers 110 with clear and reproducible amplification bands were screened out (Table 2) .
111
PCR was conducted in a total reaction volume of 20 µl containing 10 µl 2× Ex Taq MasterMix 112 (dye), 7.5 µl double-distilled H 2 O (ddH2O), 1 µl 30 ng/µl DNA template, and 1.0 µl 10 pmol/µl 113 primer (Sangon Biotech, China). A standard PCR cycle (RT-PCR 7500 ,Thermo Fisher 114 Scientific Inc, USA) was used: an initial denaturation step at 94°C for 3 min; 35 annealing cycles 115 of 94°C for 1 min, 50°C for 1 min and 72°C for 2 min; and a final extension of 5 min at 72°C. 116 PCR products were stored at 4°C. The PCR products were electrophoresed on a 2% agarose gel 117 at a voltage of 110 V and current of 110 mA for 1.5-2 h; a DL2000 marker was used as a size 118 marker. The electrophoresis results were photographed and recorded by a gel imaging system. The clearer bands (including weak but distinguishable bands) in the electropherogram were 123 marked as "1", and lanes without a band or with one that was difficult to identify were marked as 124 "0", forming a (0, 1) data matrix.
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We used POPGEN v.1.32 (Yeh, Yang & Boyle, 1999) to compute the following: observed 126 allele number (Na), effective allele number (Ne), Nei's genetic diversity index (H), Shannon's 127 information index (I), polymorphic loci and polymorphic locus percentage (P, %), total genetic 128 diversity (Ht), interspecific genetic diversity (Hs), intraspecific genetic diversity (Ht-Hs), the 129 genetic differentiation coefficient (Gst), and gene flow (Nm=1-Gst/Gst).
130
Genetic distance (GD) and genetic identity (GS) were subjected to principal coordinate 131 analysis (PCoA) with NTSYS-pc 2.10e software (RohlF, 1994) , and a cluster analysis was 132 performed according to the unweighted pair group method using arithmetic mean (UPGMA). 133 The relationship between geographic distance and genetic distance was analyzed with R software. The DNA of 102 samples was amplified with 15 primers to obtain 289 bands, and the fragment 140 length was between 500 and 2000 bp (Fig. 3) . The number of amplified bands ranged from 11 to 141 30, and the average number of amplified bands was 19.3; the number of Pr2 and Pr6 142 amplification bands was the highest, at 30, and the number of Pr7 and Pr8 amplification bands 143 was the lowest, at 11. The percentage of polymorphism reached 100% ( (Xiao, 2007) . Moreover, NJD is located far from the Chinese 156 mainland and is relatively closed, and its exchange with the mainland is relatively limited, with 157 less human interference, providing E. macrophylla with extremely favorable growth conditions. 158 However, only two locations with individuals were found on LGD, and the individuals displayed 159 poor growth and obvious insects on the leaves. In addition, because LGD is a famous scenic spot 160 in China, it is extensively developed, which affects the habitat of E. macrophylla. The total genetic diversity (Ht), intraspecies genetic diversity (Hs) and interspecies genetic 165 diversity (Dst= Ht-Hs) were 0.1706, 0.1149 and 0.0557, respectively, as calculated with 166 POPGEN v.1.32 software. The interspecific genetic differentiation coefficient (Gst) was 0.3263, 167 indicating that 67.37% of the variation was within the populations and 32.63% of the variation 168 existed among the populations. A certain degree of genetic differentiation was observed among 169 the populations. The gene flow (Nm) was 1.0325, indicating that the gene exchange between 170 populations is limited and that genetic drift is the main cause of their genetic differentiation 171 (Wright, 1931) .
172
Genetic differentiation between populations can be further analyzed based on Nei's genetic 173 distance (Gd) and genetic identity (Gs). For the five populations of E. macrophylla (Table 4) , the 174 genetic identity and the genetic distance were between 0.8656 and 0.9588 and between 0.0490 175 and 0.1443, respectively. The genetic similarity of the five populations was slightly higher, and 176 the genetic distance was slightly smaller. The minimum genetic distance was observed between 177 the NJD and DRS populations (0.0421, Table 4), and the genetic similarity between these two 178 populations was the highest. The maximum genetic distance was observed between the LGD and 179 NJD populations (0.1443, Table 4), with low population similarity and a large genetic difference. The applied measure of genetic similarity was used to construct UPGMA dendrograms (Fig. 4) . 185 The clustering map shows that the five populations can be divided into three groups at the 186 genetic coefficient of 0.94. One group represented the LGD population; the populations DRS, 187 NJD and LS formed a second group, indicating that these three populations are closely related; 188 the third group represented the DGD population. Populations with similar geographical distances 189 were not clustered into the same group, indicating that the genetic distance between the 190 populations of the E. macrophylla was not related to geographical distance. Consistent with these 191 results, the Pearson correlation coefficient test revealed no significant correlation between 192 geographic and genetic distance (r = 0.256579, p = 0.8309).
The UPGMA clustering map divides the 102 samples into five groups with a genetic 194 coefficient of 0.786 (Fig. 5) . The first group includes all the samples from the LGD and DRS 195 populations, indicating that the two populations are closely related, and the genetic identity 196 shows that compared with other populations, the LGD population is closely related to the DRS 197 population. The second group includes all the samples from the LSD, DGD and LS populations: 198 one sample from the LGD and the samples from the LS population cluster into one group, and 199 those from the DGD population form another group. The third group includes 21 samples from 200 the NJD population. The fourth group is a sample from the PTS population; the fifth group 201 includes 12 samples from the NJD population. The affinity similarity between the tested samples 202 is related to their geographical location. The samples with the same geographical origin tend to 203 be clustered together, and there is no cross-clustering between the samples. Nos. 225 During this period, the area is not affected by the Jiangsu and Zhejiang Coastal Currents. In 226 winter, the area is completely controlled by the Jiangsu and Zhejiang Coastal Currents, but the 227 bottom layer is affected by warm water from Taiwan (Xiao, 2007) . Therefore, under the 228 influence of ocean currents, the southeastern part of Nanji Island is generally warmer than the 229 northwestern part, and as a result, the habitat may undergo subtle changes, leading to genetic 230 differences that may result in the emergence of two populations on Nanji Island: the southeastern 231 and northwestern populations. 238 performed on all the tested samples using NTSYS-pc 2.10e, and a two-dimensional clustering 239 map of the main coordinates was obtained (Fig. 6) . The classification results were largely 240 consistent with the clustering results of the populations and samples. It can be seen from the 241 figure that the LS, NJD and DRS populations tended to locate together, with the LGD and DGD 242 populations being located far away. The LGD population was closest to the DRS population, and 243 the DGD population was closest to the LS population. The 102 samples with the same 244 geographical origin tended to cluster together, and there was no cross-clustering between 245 samples. Consistent with the previous results, the NJD population was divided into two sub-246 populations. Thus, the principal coordinate analysis results confirmed the clustering results of the 247 UPGMA partition. As an endangered 266 coastal plant, E. macrophylla exhibits lower genetic diversity than its continental relatives and 267 other coastal plants. The genetic diversity of island species is affected by breeding 268 characteristics, dispersal capacity and effective population size (Frankham, 1997; Weller et al., 269 1996) . The reasons for the low genetic diversity in the populations were as follows: first, E. 270 macrophylla has a low seed-setting rate and produces fruit that is sweet and vulnerable to 271 consumption by birds, limiting natural recruitment. Second, as an island species, E. macrophylla 272 has small populations, occupies a fragile habitat and has a narrow distribution range, making it 273 more vulnerable to extinction than terrestrial species (Francisco-Ortega et al., 2000). Frequent 274 human activities, such as tourism development, felling and increased anthropogenic shoreline 275 damage, have led to changes in the habitat of E. macrophylla, which has had a strong impact on 276 its growth and reduced its genetic diversity. Finally, geographic isolation limits genetic 277 communication between populations. The gene flow and genetic diversity of populations of E. 278 emarginata are enhanced through the actions of ocean currents, which allow seed dispersal and 279 gene exchange between populations (Zhang et al., 2007) . However, the cluster analysis of E. 280 macrophylla grouped samples strictly according to geographical origin, with no exceptions, 281 indicating that the limited genetic communication among populations might lead to increased 282 inbreeding within the populations and the loss of rare alleles due to genetic drift, thereby 283 reducing the genetic diversity of the populations (Emerson, 2002 (Wang et al., 2004) . Genetic differentiation (Gst) is calculated as the ratio of between-population 293 genetic variance to the total variance among populations (Wright, 1965) . Although the results of 294 different molecular markers are not fully comparable, they still provide some useful information. 295 The interspecific differentiation coefficient (Gst) of the five populations of E. macrophylla was 296 0.3263, indicating that 32.63% of the variation existed among the populations. The genetic 297 differentiation of the E. macrophylla populations was significant based on Nei's Gst 298 classification criteria for genetic differentiation (low: Gst < 0.05, medium: Gst = 0.05~0.15, and 299 high: Gst > 0.15) (Nei, 1978) . Its genetic differentiation value was higher than the average value 300 of 23 species (28.06%) of the Carinla Islands (Francisco-Ortega et al., 2000), it is also proved 301 that the genetic differentiation between E. macrophylla populations is higher. The prevention of 302 gene flow was the main cause of genetic differentiation among populations (Ouborg, 1999) .
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The term gene flow refers to the process by which a biological individual disperses from its 304 place of origin, followed by the exchange of genes between populations. Such exchange may 305 occur between biological populations of the same species or different species, and it is essential 306 to the evolution of many plant populations (Grant, 1991; Gerber et al., 2014) . The populations of 307 E. macrophylla displayed little gene flow (Nm=1.0325), there was no hybridization among 308 individuals, and the genetic communication between each pair of populations was low. These 309 results were mainly due to the geographical isolation of islands (mainly barriers posed by sea 310 water), which limited the range of dispersal by pollen-and seed-dispersing birds: the maximum 311 range of bird-mediated propagation is approximately 480-680 m (Chung et al., 2002) . This 312 distance is shorter than the shortest distance between islands (8100 m, between the LS and 313 DGD); as a result, water currents are the main medium of genetic communication between 314 islands (Kwon et al., 2002) . The fruits of E. macrophylla fall into the sea due to sea breezes and 315 disperse with the currents over short distances; however, but the germination rates of fruits or 316 seeds of most higher plants are significantly reduced after soaking in sea water for long periods 317 (Angelique, 2000) . Thus, the probability of seeds being dispersed by currents is small, resulting 318 in limited gene flow between populations. The CDDP molecular markers showed that the genetic diversity of the natural population of E. 323 macrophylla was low (PPL=48.928%, Ne=1.1801, H=0.1149, and I=0.1848); only the 324 population of Nanji Island showed high genetic diversity (PPL=80.28%, Ne=1.2410, H=0.1580, 325 and I=0.2613), which was due to NJD being located far away from the Chinese mainland and 326 relatively closed. Compared with the limitations of pollen and seed transmission, human 327 destruction is the main cause of the shrinking populations and reduced genetic diversity. To 328 protect E. macrophylla, we should strengthen local protection, increase the awareness of local 329 residents and tourism management personnel, and provide suitable habitats. Additionally, the 330 introduction and exchange of populations should be increased, breaking the barrier to gene flow. 331 Finally, expanding the populations by artificial cultivation and tending would improve the 332 genetic diversity of the populations. The present study is the first genetic investigation of E. macrophylla using CDDP markers to 337 investigate this species' distribution and genetic variation. The results showed that CDDP 338 molecular markers can be effectively used to study the genetic diversity of E. macrophylla 339 populations and revealed that E. macrophylla populations have low genetic diversity and high 340 genetic differentiation. The low levels of gene flow among populations are the main cause of the 341 high levels of genetic differentiation. Based on these findings, some conservation measures for 342 E. macrophylla are proposed. 
